Volatile constituents of Elsholtzia fruiticosa (D. Don) Rehder were studied by two different extraction techniques, supercritical fluid extraction (SFE) and hydrodistillation (HD), and the results were compared with head space analysis (HS). Thirty-five constituents were identified in both the SFE and HD oils and fourteen in the HS, accounting for 94.2%, 97.7% and 96.9% of the total identifications, respectively. A distinctive feature of the results was the very high content of non-terpenes (59.8%) in the HS, the high content of oxygenated monoterpenes (41.1%) in the HD oil and the high content of sesquiterpene hydrocarbons (21.8%) in the SFE oil. Monoterpene hydrocarbons were represented in HS (13.6%), HD (19.4%) and SFE (4.3%). In SFE sesquiterpene hydrocarbons formed 21.8% of the total, as compared to 6.6% in the HD and 1.1% in the HS Oxygenated sesquiterpenes represented 3.0% in SFE, 0.8% in HD and were absent in HS. Diterpenes were only present in the SFE oil (3.4%). Non-terpenes were represented by 24.5% in the SFE oil and 29.8% in the HD oil.
The genus Elsholtzia, family Lamiaceae, is comprised of mostly aromatic herbs and shrubs. Twenty species are distributed in Asia, Africa and Europe, and 12 are found in India [1] , distributed in western, central and eastern Himalaya at altitudes ranging between 1000 to 4300 m above msl. Elsholtzia species have applications in the traditional system of medicine [2, 3] having antiviral properties, and are also used to control lipid metabolism [4, 5] . E. fruiticosa (D. Don) Rehder is a tall bushy herb with lemon yellow flowers and blooms from June to September. Earlier, the hydrodistilled volatile oil of this species was reported to contain 1,8-cineole (18.0%), perillene (20.5%), terpinen-4-ol (12.6%) and β-caryophyllene oxide (8.6%) as the major constituents [6] . The conventional hydrodistillation technique has some disadvantages as it does not represent the true volatile oil composition and is generally associated with artifacts formed during heating of the plant material, thus resulting in undesirable 'off notes' to the oil [7, 8] . Supercritical fluid extraction (SFE) is widely used for the extraction of flavors and fragrances because of the temperatures used and in the recovery of low volatiles and thermally labile compounds [9] [10] [11] . To the best of our knowledge, no comparison has been made to date of † IHBT Communication No. 1031 E. fruiticosa oils prepared by HD and SFE, the latter using the non-toxic and non-flammable characteristics of carbon dioxide. Also, no HS analysis of E. fruiticosa essential oil has so far been reported. The present study was, therefore, undertaken to make a comparative evaluation of the constituents using SFE and HD extractions, and to compare their GC/MS analytical results with headspace analysis.
Hydrodistillation of fresh leaves yielded 0.15% oil (w/v), while SFE yielded 0.05% oil (w/v). The results of GC/MS analysis of HD and SFE extracted oils and their comparison with HS are given in Table 1 , where constituents are listed in order of their elution from a BP-20 capillary column. Thirty-five constituents were identified both in HD and SFE extracted oils. GC/MS analysis showed significant differences in the composition of the volatile constituents when different techniques of extractions were used. 1,8-Cineole, γ-terpinene, E-β-ocimene, 1-octen-3-yl-acetate, perillene, cis-sabinene hydrate, β-cubebene, linalool, β-caryophyllene, γ-curcumene, 4-terpineol, pinocarvyl acetate, α-humulene, δ-terpineol, germacrene-D, bicyclogermacrene, 1,8-epoxy-p-menthan-2-ol, and α-terpineol were found as constituents of the HD, SFE [6] . However, it is reported to form 61.2% of the oil of E. polystachya [12] . Contrary to this, one publication on E. polystachya reports 7.2% of perillaldehyde instead of perillene [13] .
Other key marker volatile constituents of different species of Elsholtzia are rosefuran, elsholtzia ketone, elsholtzia oxide and dehydroelsholtzia ketone. Rosefuran (84.8%) is reported only in E. ciliata, while elsholtzia oxide and dehydroelsholtzia ketone are reported in E. densa oil. Rosefuran is also reported as a major constituent (58%), along with perillene and perilla ketone, in Perilla ocimoides [14] . Elsholtzia oxide and dehydroelsholtzia ketone are also reported in E. ciliata oil. However, in the present investigation none of these compounds was found in E. fruiticosa oil. Other significant marker constituents of Elsholtzia, namely elsholtziadiol and elsholtziadiol-2-acetate are reported in E. densa oil, but were absent in E. fruiticosa and other species. Surprisingly, lavandulyl acetate has not been reported earlier in E. fruiticosa oil, but was detected for the first time by us. Linalyl acetate (0.6%) has been reported earlier for E. blanda, but was absent from E. fruiticosa during the present investigation. Both lavandulyl acetate and linalyl acetate are the key marker constituents of Lavandula officinalis oil. Linalool has earlier been reported as forming 44.9% of the oil of E. blanda, but was absent from all the other species. However, this compound formed only 0.7% of the SFE, 0.6% of the HD and 0.2% of the HS samples in the present investigation. Geranyl acetate has earlier been reported as one of the major constituents of E. blanda (37.2%), but was absent from all the other species. It was identified in low percentage (0.3%) in the present investigation.
Considering the results of the GC/MS analysis, E. fruiticosa oil is found to be of the 1,8-cineole: perillene type. As is clear from Table 1 , α-terpinene, limonene, α-phellandrene, α-terpinolene, 3-hexen-1-ol, 1-hepten-3-ol, pinocarvone, lavandulyl acetate, verbenol, 1-p-menthen-8-yl acetate, p-mentha-1,5-dien-8-ol, α-longipinene and β-cadinene are absent from the SFE oil. This might be because in supercritical extraction, part of the volatile oil constituents might have escaped from the vent along with carbon dioxide.
It was observed that the SFE oil yield (0.05%) was less than that of the HD oil (0.15%). SFE was performed in static mode for one hour and dynamic mode for three hours, while HD was carried out for three hours. However, there was 97.7% identification of the HD oil in comparison with 94.2% in. the SFE oil. Although HS represents 96.9% identification, with the major constituent being perillene (57.1%), its percentage in the SFE and HD oils is less. This shows that both in SFE and HD extraction part of this constituent is probably lost. In SFE a more dynamic time resulted in loss of perillene and in HD extraction prolonged heating resulted in some loss of this constituent. Therefore, it is concluded that HS analysis should be used as a control Volatile constituents of Elsholtzia fruiticosa Natural Product Communications Vol. 5 (4) 2010 643 measure for monitoring the presence of key marker constituents in essential oils during different extraction procedures. However, the volatile constituents are generally present in the leaf oil glands. Unlike HD and SFE, the oil glands are not fully exposed during head space analysis. In this technique, only highly volatile and low boiling constituents (monoterpenes and oxygenated hydrocarbons) are released from the plant material while high boiling constituents, like sesquiterpene hydrocarbons and oxygenated sesquiterpenes, are either retained or only slowly released due to their low partition in the gas head space volume. ) were charged into the extraction vessel, which was initially pressurized with CO 2 up to the set pressure (170 bar) and temperature (40ºC) for 1 h. Then extraction was carried out in a dynamic mode for 3 h, at set pressure and temperatures with 60 g/min flow rate of CO 2 . The first separator was maintained at a pressure of 80-90 bar, and a temperature of -9 to -10ºC. The second separator was kept at 20-30 bar at -5ºC. The extract was collected in the second separator and the waxes were separated. The oil was analyzed by GC/MS.
Headspace analysis:
Fresh leaves (0.5 g) were placed in a 20 mL vial, sealed and used for analysis. Headspace analysis was carried out using a Shimadzu headspace auto-injector AOC-5000 connected to a Shimadzu GC/MS. Syringe temperature 120ºC; sample injection volume, 2 mL; incubation temperature 80ºC; and incubation time 1 h.
Gas chromatography/mass spectrometry (GC/MS):
GC/MS analysis of each sample was carried out on a Shimadzu (QP 2010) series Gas Chromatogram -Mass Spectrometer (Tokyo, Japan) equipped with a FID, AOC -20i auto-sampler coupled, and a BP-20 capillary column, (30 m x 0.25 mm i.d., 0.25 μm). The initial temperature of the column was 40ºC held for 5 min. and was programmed to 220ºC at 4ºC /min, then held for 5 min. at 220ºC; the sample injection volume was 2 μL in HPLC grade dichloromethane. The spectrum was scanned from m/z 50 to 600 amu. Mass spectrometer source temp. was 200ºC, interface temp. 200ºC, split ratio 1:50. Helium was used as carrier gas at a flow rate of 1 mL /min. Constituent separation was achieved following a linear temperature program from 40-220ºC and percentage composition was calculated using the peak area normalization method. Peak identification was carried out using the NIST data base [15] and Adams [16] libraries. Each constituent was finally confirmed by comparison of its relative retention index with literature values.
